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632a Wednesday, February 19, 2014During bursts in KO, the rate was comparable to WT (4.150.3Hz). WT SANs
(n=5) showed a 70.556.1% increase in rate after exposure to the b-adrenergic
agonist ISO (10mM), while KO showed no increase in average rate. However,
when considering only rate during burst activity in KO, 6 out of 10 KO SANs
responded significantly to ISO 10mM (52516% increase). The specific If inhib-
itor ivabradine (IVA, 9mM) reduced the spontaneous pacemaker rate in both
WT (n=6) and KO (n=8) SANs (4459% and 58.956.8% decrease, respec-
tively), and even during the bursts in the KO (36517.9% decrease). Thus,
NCX1 KO SANs can generate bursts of pacemaker activity similar to WT.
These bursts are responsive to both ISO and IVA, consistent with If-mediated
pacemaker activity despite the absence of NCX.
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for Single-Molecule Research and Nanotechnology
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DNA nanotechnology excels at rationally designing bottom-up structures that
can functionally replicate naturally occurring proteins. We describe the design
and generation of stable self-assembled DNA-based nanopores that function-
ally mimic membrane protein pores and insert into lipid bilayers to support
transmembrane water flow. The DNA nanopores consist of a bundle of six hex-
agonally arranged duplexes which are interconnected by cross-overs. The nega-
tively charged nanobarrels carry lipid anchors to facilitate the pores’ insertion
into the hydrophobic bilayers. The lipid anchors either neutralize localized
negative charges on the DNA backbone to create a hydrophobic belt to
resemble amphiphilic protein pores, as demonstrated with alkylated phosphor-
othioate groups (Nano Letters, 2013, 13, 2351). Alternatively, anchoring can be
achieved with few, large hydrophobic
group such as porphyrin which doubles
as fluorophore (Angew Chem, doi
anie.201305765, Front Cover). The nano-
architectures are correctly assembled as
confirmed by AFM, SEC, and DLS, and
are fully functional as shown by single-
channel current recordings. The small
membrane-spanning DNA pores merge
the fields of nanopores and DNA-
nanotechnology and will help open up
the design of entirely new molecular de-
vices for applications within single-
molecule research and sensing, electric
circuits, catalysis, and nanofluidics.3194-Plat
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Over the recent years, we have developed a chip-based platform containing a
4x4-array of Ag/AgCl-electrodes in microcavities (6-50mm diam., depth 8-
20mm) structured in SU8 (Microelectrode-Cavity-Array, MECA) and demon-
strated its application in parallel single molecule detection using biological
nanopores in bilayers formed by manual painting (Mu¨ller-Rudin procedure).
Exploring ways for automation, we found that by spreading lipid/solvent mix-
tures using a remotely actuated effector highly satisfactory results could be ob-
tained. Here, we use electrical (voltage-clamp) and optical (fluorescence-
microscopy) methods to study the formation and morphology of the resulting
microbilayers. Despite the difference in geometry between standard
‘‘through-hole’’ apertures and ‘‘blind-hole’’ cavities, the resulting bilayers
show classical morphology, i.e. including a lipid-solvent annulus that appears
continuous with the lipid-solvent mixture
wetting the SU8-surface (Fig.1). It is likely,
that these microbilayers are also formed by
the thinning process described for standard
apertures. This thinning process is, how-
ever, greatly accelerated: following auto-
mated bilayer formation in the presence of
the pore-forming peptide gramicidin, chan-nel events, signaling a bimolecular state of the lipid membrane, could be
observed as early as 1050ms after the initial resistance increase (Fig.1).
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Bilayer lipid membranes (BLMs) are excellent platforms to study ion channels
in a functional environment, and for drug screening assays. However, conven-
tional electrophysiological BLM approaches do not meet the requirements for
high throughput experiments due to the large volumes utilized, and the exten-
sive manual procedures involved. In that context, microfluidics is a promising
format to develop new platforms for high throughput electrophysiological mea-
surements on ion channels incorporated in BLMs.
Previously, we reported a simple microfluidic device for experimentation on
BLMs (Stimberg, Small, 2013), and here we describe a multiplexed device
along the same line, which contains 3 BLMs, each being optically accessible
and independently electrically addressable. Due to the larger footprint, bonding
of the device turned out to be a challenge and required thorough optimization.
Furthermore, a novel procedure was developed for BLM formation: it consists
of 3 pipetting steps, and is therefore easily amenable to automation using pipet-
ting robots. BLMs were prepared using DPhPC (25 mg/mL) in n-decane, and
measurements were conducted in 1 M KCl 10 mM HEPES buffer (pH 7.0).
First, BLMs were formed successfully in the different apertures of the device.
Next, they exhibit good stability over time upon continuous application of a 100
mV voltage, as well as excellent electrical properties (RSEAL= 27.954.9 GU;
CMspec = 0.7750.02 mF/cm
2 & IRMS = 500550 fA for 100-mm diameter aper-
tures (n=6)), enabling low noise single channel recordings. Finally, first exper-
iments conducted on pore-forming Gramicidin demonstrated a well-defined
single channel behavior with a chord conductance of ca. 33 pS at 100 mV.
We will report the fabrication of the multiplexed device, together with its thor-
ough characterization, membrane preparation, as well as multiplexed measure-
ments on various pore-forming peptides and proteins (e.g., gramicidin, alpha-
hemolysin, OmpF).
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Giant proteoliposomes mimic natural cell membranes and provide excellent
models for membrane biophysical studies such as membrane phase separation,
lipid-protein interactions, and functional studies of membrane proteins. Here,
we present a simple and versatile approach for producing a large number of
uniformly-sized giant proteoliposomes in a parallel fashion. This approach
that combines the versatile technique of hydrogel-based microcontact printing
and the commonly used technique of electroformation is efficient, low-cost,
and doesn’t require any specialized equipment. The resulting liposomes are
attached to the surface in an array format, enabling rapid data collection for sta-
tistical analysis of membrane processes. We applied these vesicles for moni-
toring lipid-protein and protein-protein binding interactions. Alternatively,
liposomes can be easily detached from the surface to produce a large number
of giant liposomes with functional membrane proteins. We employed these ves-
icles for studying the channel activity of
aquaporin protein and for monitoring mate-
rial transport across lipid membranes. This
approach may further be applicable to pro-
duce giant polymerosomes with increased
stability compared to liposomes. The pre-
sented method can, hence, be useful in bio-
materials, biotechnology, and biosensing
applications as well as in the biophysical
fundamental studies.3197-Plat
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We use an engineered mutant of the protein nanopore Mycobacteria smegmatis
porin A (MspA) to examine single stranded DNA. The ssDNA is either held
stationary within the pore by a biotin-streptavidin anchor or is processively
drawn through the pore by a phi29 DNA polymerase. By applying a voltage
and measuring an ionic current passing around the ssDNA confined within
